Hopper MK. Assessment and comparison of student engagement in a variety of physiology courses. Adv Physiol Educ 40: 70 -78, 2016; doi:10.1152/advan.00129.2015.-Calls for reform in science education have promoted active learning as a means to improve student engagement (SENG). SENG is generally acknowledged to have a positive effect on student learning, satisfaction, and retention. A validated 14-question survey was used to assess SENG in a variety of upper-and lower-level physiology courses, including 100-level Anatomy and Physiology 1, 300-level Animal Physiology, 400-level Advanced Physiology, and 500-level Medical Physiology courses. The results indicated that SENG did not vary consistently by course level, format, or curriculum. The highest levels of SENG were found in the Advanced Physiology course, which included SENG as a primary objective of the course. Physiology student SENG scores were compared with National Survey of Student Engagement (NSSE) scores. The results demonstrated that physiology students enrolled in the Anatomy and Physiology 1 course reported lower levels of SENG than first-year students that completed the NSSE. Students enrolled in the Advanced Physiology course reported higher levels of SENG than fourth-year students that completed the NSSE. Assessment of SENG offers insights as to how engaged students are, identifies where efforts may best be applied to enhance SENG, and provides a baseline measure for future comparisons after targeted course modifications.
BOTH THE NATIONAL RESEARCH COUNCIL and the American Association for Advancement of Science have urged undergraduate educators to incorporate approaches that actively involve students in the learning process (2, 28) . Similarly, the American Association of Medical Colleges established the Institute for Improvement in Medical Education with a primary goal of supporting reform efforts to engage students in more active and integrative learning (23) . Clearly, calls for reform in science education have promoted active learning as a means to improve student engagement (SENG) and learning.
Active learning is generally considered to be the process of engaging students in activities that require the student to participate or contribute to the attainment of knowledge. Active learning is an instructional approach that elevates SENG and shifts the responsibility for learning from the teacher to the student. Although SENG has been defined in numerous ways, the thinking is relatively straightforward. The more students engage in activities designed to enhance learning and the development of skills (such as writing, evaluating, synthesizing, analyzing, and thinking critically), the more proficient they will become (19, 25) .
The National Survey of Student Engagement (NSSE) (18) was developed to assess SENG in relation to the practices and conditions described by Chickering and Gamson's Seven Principles for Good Practice in Undergraduate Education (10) . The NSSE, administered to both first-and fourth-year undergraduate college students, asks the student to self-report on a number of items designed to gather information as to the amount of time and effort that the student puts into their studies and other educationally relevant activities (18, 19) .
NSSE data are useful to institutions seeking to identify areas of institutional practice that may be in need of improvement. Although NSSE data are useful to the institution, the results are not directly applicable to individual departments, programs, or courses. To a great extent, student learning relies on the efforts of the faculty members who establish the classroom learning environment and develop learning activities. Therefore, faculty members need to be empowered to assess SENG within their classrooms.
A review of the literature revealed a variety of instruments designed to assess SENG within the classroom (1, 7, 15, 34) . A unique SENG survey, published by Ahlfeldt et al. (1) , selected 14 key questions borrowed directly from the NSSE. Ahlfeldt et al. (1) developed their measurability of SENG with relation to three key subcategories: 1) collaborative learning (CL), including four questions supporting the idea that working with others on problems and tasks exposes students to different perspectives that help shape new understandings and viewpoints; 2) cognitive development (CD), including five questions asking students how much their coursework emphasizes deep-level processing such as analysis, synthesis, evaluation, and application; and 3) personal skills (PS), including four questions that relate to the development of skills perceived as necessary for the workplace, including writing, thinking, learning on their own, and working with others.
The Ahlfeldt et al. (1) survey was selected to assess SENG as it offered multiple advantages: 1) the survey has been validated in Ͼ50 classes, including all levels (100 through 500 and above), with wide-ranging enrollment (6 -150 students), and represented 7 different colleges, including science and mathematics; 2) questions are taken directly from the NSSE and allow for a comparison with institutional and national NSSE results; 3) the survey is relatively easy to administer and analyze as it includes only 14 questions; 4) survey administration does not require institutional involvement or enrollment; and 5) there is little to no cost involved.
A total of five physiology-based courses, all taught by the author, were included in this study. Courses varied by level (100, 300, 400, and 500 levels), format (traditional and hybrid), and curriculum (some courses included a laboratory and others were lecture only; Table 1 ).
A primary aim of this study was to establish a baseline measure of SENG in all physiology courses taught by the author over the course of one full academic year. Additionally, goals included the following:
1. To determine if students in a variety of courses display similar levels of engagement. 2. To identify specific areas of SENG where scores indicate opportunities for improvement in each course. 3. To determine if students in a traditional Anatomy and Physiology (A&P) 1 course meeting entirely face to face with the instructor and peers for all lecture and laboratory contact time will demonstrate higher levels of SENG than students in a hybrid course that meets face to face for less than half of the total contact time. 4. To evaluate, based on findings reported in the literature (1), if SENG scores will be higher for upper-level courses compared with lower-level courses. 5. To assess the impact of planning for engagement when developing a new physiology course offered for the first time. 6. To evaluate the level of SENG in physiology courses in relation to SENG campus wide via a comparison of scores with institutional NSSE results.
METHODS
Study participants comprised a convenience sample of both male and female undergraduate students at a public university of ϳ10,000 students and first-year medical students enrolled at a satellite center. Participants were recruited from physiology courses taught by the author during the academic year of 2013-2014 (Table 1) . The courses included two sections of A&P 1, Animal Physiology (Animal Phys), Advanced Human Physiology in Health and Disease (Advanced Phys), and Medical Physiology (Med Phys). All courses were onesemester courses.
A&P 1 is a 100-level, four-credit hour course that includes both a lecture and laboratory. One section of A&P 1 was offered in a traditional face-to-face environment with three lecture and three laboratory contact hours per week. The face-to-face course did not offer lecture recordings or prelaboratory assignments online. The second section of A&P 1 was offered as a hybrid course in which students listened to all lectures online (3 h/wk), completed online prelaboratory assignments (ϳ3-4 h/wk), and met face to face with a faculty member for a total of 20 contact hours during a 5-wk summer semester. Animal Phys is a four-credit hour, 300-level course for Biology majors and is typically completed during the junior year of college. Animal Phys includes 3 h of lecture and 3 h of laboratory each week, with most laboratory exercises designed to be inquiry based. Both the lower-level A&P 1 and upper-level Animal Phys courses included similar types of active learning activities embedded within the lecture and laboratory. The Advanced Phys course is a 400-level, three-credit hour course that does not include a laboratory. The course meets for a total of 3 lecture hours/wk. The Med Phys course is a 500-level, seven-credit hour course for first-year medical students. The course met for a total of 105 contact hours, with 63 h being delivered via an online lecture and the balance of time spent completing a limited number (4) of inquiry-based laboratories, case studies, and review sessions ( Table 1) .
The Advanced Phys course was a new course, offered for the first time in the spring of 2014, and required students to have completed either A&P 1 and II or Animal Phys. The Advanced Phys course was developed as a literature-based course with a primary objective of engaging students. To that end, a discussion-based method of instruction was selected (12, 32) , and numerous activities targeted to engage students were embedded in the course (16 The survey used a Likert scale (with a scale of 1-4, where 4 ϭ very often, 3 ϭ often, 2 ϭ occasionally, and 1 ϭ never) to report student perceptions of 14 independent items relating to engagement. Results were reported as the total engagement score (TES), which was the sum of all 14 questions (question 5 scores were inversed as a higher score indicates a greater amount of memorization, which would be interpreted as a lower level of engagement). Scores were also reported in three separate blocks of measure by subcategories of CL, CD, and PS.
The present study was submitted to and approved by the Institutional Review Board for the Use of Human Subjects in Research, and informed consent was obtained before participation. Student participants did not receive compensation of any type, and participation was completely voluntary and anonymous. The survey was administered during class time to 129 individuals (nearly 100% of students in attendance completed the survey; this represented ϳ90% of students remaining enrolled and actively participating in each course). NSSE 2013 results for first-and fourth-year students were obtained from the office of Planning, Research, and Assessment.
Statistics. To determine the validity and reliability of the three blocks of questions, Cronbach's ␣ was calculated for each block across all students. Correlations between questions within blocks were also calculated. Two-sample t-tests with one-sided alterative hypotheses were applied at both the block level as well as the question level, between differing groups of students. Large-sample two-sided hypothesis tests for the difference of means were applied using conservative SE estimates when biology course data were compared with NSSE data. Statistical calculations were performed using R statistical software (37) . All reported values are means Ϯ SE. n, number of students.
RESULTS
Analysis began by testing the statistical validity of the survey. Cronbach's ␣ was calculated across the 14-item instrument and also across each of the subcategories. The ␣ measure for the instrument was 0.74, which was lower than that reported by Alfeldt et al. (1) of 0.84. ␣ measures for the subcategories were relatively low (CL: 0.51, CD: 0.61, and PS: 0.66), suggesting that the subcategories did not achieve high internal consistency. As a result of these observations, the hypotheses were tested at the question level in addition to TES and subcategory.
Traditional and hybrid A&P 1 courses. The traditional A&P 1 course scored highest for questions 10 and 13, which related to acquisition of job-related skills and learning effectively on one's own. The hybrid A&P 1 course also scored high for question 13 as well as for question 2, which related to working with other students on projects during class time. Both courses reported low scores (below a mean of 2) for question 4, which targeted the frequency of tutoring or teaching class materials to others. Additionally, the traditional A&P 1 course scored low for question 1, which related to asking questions in class, whereas the hybrid A&P 1 course scored low for question 3, which related to working with classmates outside of class. All mean scores below 2 were within the CL subcategory.
There were no statistically significant differences in TES, CL, CD, or PS when the traditional and hybrid A&P 1 courses were compared (Fig. 1, A and B) . When individual questions were evaluated, only 2 of the 14 questions were found to be significantly different. Hybrid A&P 1 scores were significantly higher than traditional A&P 1 scores for question 1 (2.6 Ϯ 0.22 vs. 1.76 Ϯ 0.14, P Ͻ 0.003) and question 2 (3.6 Ϯ 0.16 vs. 2.7 Ϯ 0.17, P Ͻ 0.000). Due to minimal differences in engagement scores, data from the two sections of A&P 1 were combined for ease in comparison and will from this point forward be referred to as A&P 1.
A&P 1 students reported lower TES, CL, and CD scores than all other physiology courses surveyed (Fig. 2, A and B) . Although it was not a significant difference, the A&P 1 course scored higher than the Med Phys course in the PS subcategory.
The original plans were to compare TES, CL, CD, and PS scores between A&P 1 students and first-year students campus wide who completed the NSSE. However, the NSSE was revised in 2013, and 2 of the original 14 survey questions were no longer included (questions 2 and 13 were omitted). Therefore, statistical comparisons were made on the 12 remaining matched questions and a modified 12-item TES (Table 3) .
When institutional NSSE results for first-year students were compared, A&P 1 scored significantly lower on the modified TES (30.83 vs. 33.66, P Ͻ 0.001) and questions 1, 4, 5, and 11. These data indicate that A&P 1 students self-reported less participation in cooperative learning activities, they memorized more, and they wrote less than their peers campus wide. The The survey was evaluated on a scale of 1-4, where 4 ϭ very often, 3 ϭ often, 2 ϭ occasionally, and 1 ϭ never. CL, collaborative learning; CD, cognitive development; PS, personal skills; TES, total engagement score.
only item where A&P 1 students scored higher than NSSE students campus wide was on question 10, which related to acquiring job-or career-related knowledge and skills (Table 3) .
Animal Phys course. Animal Phys students scored highest on questions 6 and 12, which pertained to analyzing the basic elements of an idea and thinking critically. Similar to A&P 1, Animal Phys students scored below a mean of 2 for question 4, which relating to tutoring or teaching class materials to others (Table 4 ).
When the 300-level Animal Phys course was compared with the 100-level A&P 1 course, the Animal Phys course demonstrated significantly higher TES and CD scores than the A&P 1 course (Fig. 2, A and B) . When results for individual questions were compared, the Animal Phys course scored significantly higher than the A&P 1 course on questions 1, 5, 6, 11, and 12 (Table 4) . Although one might expect a higher level course to more frequently engage students in using higher level skills, as defined by Bloom's taxonomy (3), this was only true for questions relating to analysis and the development of writing and critical thinking. There were no significant differences in questions relating to synthesizing (question 7), evaluating (question 8), or applying information (question 9). No comparison with NSSE results was made as students enrolled in the Animal Phys course are typically second-semester sophomores or juniors and the NSSE is administered to only firstand fourth-year students.
Med Phys course. Students in the Med Phys course selfreported the highest levels of engagement relating to questions 9 and 12, which pertained to applying theories and concepts to practical problems and thinking critically and analytically. With little to no emphasis on writing in the course, it was not surprising for the Med Phys course to score low on question 11, which asked the extent to which the course contributed to the development of writing clearly, accurately, and effectively.
Although Animal Phys and Med Phys courses did not differ on TES, closer examination revealed mixed results when the subcategories were compared. The Med Phys course scored significantly higher in CL and CS but lower than the Animal Phys course on PS. The lower scores for the Med Phys course in the PS category were primarily due to much lower scores for question 11, which pertained to the development of writing skills (Table 4) . Despite being considered a higher-level course, Med Phys scores did not exceed those for Advanced Phys on TES, CL, CS, and PS (Fig. 2, A and B) .
Advanced Phys course. The results indicate that the Advanced Phys course was highly successful in engaging students. No single question resulted in a mean score below 2, and only question 3 (working with classmates outside of class) scored below a mean of 3 (Table 4) . Three questions achieved a mean of 4, the highest possible score: question 8, which related to evaluating the value of information; question 12, which related to thinking critically and/or analytically; and question 13, which related to learning effectively on one's own.
Remarkably, TES and all three subcategory scores (CL, CD, and PS) were significantly higher for the Advanced Phys course than for each of the other courses (Fig. 2, A and B) . When the Advanced Phys and A&P 1 course were compared, the two courses did not differ for questions 2, 3, and 10; compared with the Animal Phys course, there were no differences in questions 3, 10, and 14; and there were no differences in questions 2, 3, and 9 compared with the Med Phys course (Table 4 ). These patterns reveal that although SENG for the Advanced Phys course was generally higher, there were specific areas in which engagement scores were similar between courses. Thirteen of the fifteen students enrolled in the Advanced Phys course were seniors. Therefore, a comparison with institutional NSSE results for fourth-year students was feasible. The modified 12-item TES and questions 5-8 and 12 were significantly higher for the Advanced Phys course than fourthyear students on our campus that completed the NSSE (Table  3 ). The higher TES was primarily due to higher scores on four of the five questions in the CD subcategory.
DISCUSSION
SENG has become a priority on many college and university campuses due to its impact on student learning, personal development, and satisfaction (9, 13, 20, 38) . On this campus, both the undergraduate university and medical school are currently focusing efforts to reform curricula in an attempt to improve SENG and learning. Unfortunately, as others have pointed out, the use of assessment data to plan for and document changes in student perceptions and performance is very limited and calls for attention (4, 17) .
As a first step in addressing the call for reform, SENG was assessed in a variety of physiology courses to determine areas of strength and weakness as well as establish a baseline measure for future comparison. A previous report (17) has indicated that SENG varies by discipline and that much of the variation is due to faculty members who use different teaching practices and hold different discipline specific values. It was of interest to determine if the same variability occurs in classes within a specific discipline, especially when all classes are taught by the same faculty member.
The data reported here indicate that SENG does vary significantly between courses, but the differences are not necessarily associated with course level, format, or curriculum. Our data indicate that although evaluations of TES, CL, CD, and PS are useful, individual item (question) analysis allowed a more granular view of how courses engage students both similarly and differently.
There was no evidence to support the hypothesis that a traditional A&P 1 course meeting entirely face to face would demonstrate higher levels of SENG than students in a hybrid course. It was interesting to discover that students in the A&P 1 hybrid course tended to report higher levels of engagement. These results were surprising as the traditional A&P 1 course included a greater number and variety of active learning activities, including small-group discussion, think-pair share, coverage of muddy points, and instructor responses to student questions during lecture time. The A&P 1 hybrid course did not meet for lecture, and, therefore, students were completely on their own to listen to lectures that had been recorded in studio (not in front of a classroom). Although there is evidence that "flipping the classroom" can be effective in enhancing SENG, the hybrid course could not be considered a "flipped classroom." The hybrid course did not use lecture recordings as homework (lecture recordings were counted as course contact hours) and did not integrate additional assignments or activities during face-to-face class time. These limited data suggest that making a majority of course material available online, where it can be accessed when convenient for the students and used repeatedly, may enhance certain aspects of SENG and merits further investigation. Also worth mentioning is the possibility that student demographics differ and contribute to SENG. It is possible that more engaged students choose to enroll or remain enrolled in the hybrid course.
When A&P 1 scores were compared with institutional NSSE first-year student scores, it was surprising to discover that A&P 1 demonstrated significantly lower TES and mean scores for 4 of the 12 questions. The A&P 1 course outscored first-year NSSE results for only a single item: question 10. These data suggest that although active learning techniques are incorporated in the A&P 1 course, the students that are completing this course do not perceive themselves as engaged as their first-year peers on this campus.
Based on previously published results, one might expect higher-level courses to demonstrate higher levels of SENG (1, 17) . However, our data revealed that upper-level courses were not consistently more engaging. When Animal Phys and A&P 1 courses were compared, there were some significant differences, but the differences were limited to specific questions and subcategories. The Animal Phys course scored higher than the A&P 1 course in TES and CD but did not differ from the A&P 1 course in CL and PS. The two courses are both four-credit hour courses, include a laboratory, and use similar active learning methods. In addition to course content, the major difference between the two courses was an inquiry-based laboratory in the Animal Phys course that required students to develop hypotheses, collect and analyze data, draw conclusions, and write reports. In contrast, A&P 1 laboratories focus on the identification of structures and their functions and require very little writing. Although one might expect students in the higher-level courses to report higher scores for questions relating to higher-order skills as defined by Bloom's taxonomy, this was not found to be universally true, as the Animal Phys course failed to outscore the A&P 1 course on questions relating to synthesis (question 7), evaluation (question 8), and application (question 9).
Although the Animal Phys course outscored the A&P 1 course on TES, it was not, in turn, outscored by the Med Phys course. Although TES for Advanced Phys and Med Phys course were similar, these results are somewhat misleading, as the Med Phys course outscored the Advanced Phys course in CL and CD and was similar to the Animal Phys course for all questions in the CD subcategory except for question 11, which pertained to writing. Similar to the hybrid A&P 1 course, the majority of course content for the Med Phys course was delivered online (lectures were recorded on another campus and made available through a secure website). Approximately 40% of student contact time was spent face to face with the instructor to complete hypothesis-driven laboratory exercises, active learning reviews using clickers, and participation in case studies presented by clinical faculty members. Although Med Phys SENG scores were not as high as anticipated, students did demonstrate high levels of mastery of course content, as evidenced by scores on the national physiology subject exam at the end of the semester. As curriculum reform changes the way that the Med Phys course is taught, there will be an opportunity to reassess both SENG and National Board of Medical Examiners scores and determine if efforts to enhance SENG are related either positively or negatively to standardized test results.
The A&P 1, Animal Phys, and Med Phys courses did not engage students as highly as anticipated. Differences between courses were diverse and could be best identified by specific questions. These results highlight the need to empirically assess SENG and not rely on faculty perceptions that students are engaged.
Aware that others have reported lower levels of SENG in the area of science (1, 17) , the author sought to determine if the lower scores were inherent and unavoidable in the discipline or if careful course planning would produce SENG scores equal to those of other disciplines. The results from the Advanced Phys course offer evidence that careful course planning and implementation of highly planned active learning activities impact student reports of engagement.
The literature-based Advanced Phys course used methodology not typical of a science course as it relied heavily on a discussion-based method (32) . Students began the course by reading articles outlining the discussion method and how it proved valuable in other classrooms (12) . Students were asked to think about what type of discussion participant they wanted to be and how they could draw others into the discussion. In addition to relying heavily on discussion, numerous studentcentered activities were designed and implemented. Full descriptions of course activities are in press elsewhere (16).
Advanced Phys TES, CL, CD, and PS scores were significantly higher than those in all other courses (Fig. 2, A and B) . Although biology courses with a laboratory component have previously demonstrated higher levels of SENG than courses without a laboratory (unpublished data), the Advanced Phys course outscored A&P 1, Animal Phys, and Med Phys courses. When individual questions were evaluated, the Advanced Phys course outscored other courses on nearly all items ( Table 4) .
The Advanced Phys course TES also outscored institutional fourth-year students that completed the NSSE (Table 3) . These results were somewhat surprising as students majoring in science-related disciplines have been reported to score differently and generally lower (1, 17) .
Based on the success of the Advanced Phys course, future plans are to include SENG as a primary objective in all physiology-based courses. Although A&P 1, Animal Phys, and Med Phys courses already incorporate active learning, the implementation has been more haphazard and lacked the consideration and attention to detail applied when teaching the Advanced Phys course. There was also full disclosure to the students enrolled in the Advanced Phys course that engaging them was a primary focus as a means to enhance their learning experience. Although the term "engagement" was not specifically defined for or discussed by students, it was listed as a course objective and may have impacted student responses on the engagement survey. Future students in all courses will likely benefit from a well-thought-out, comprehensive strategy as well as receiving information as to the importance of their engagement. The success of the Advanced Phys course in engaging students indicates that activities offered in this course should be considered for incorporation in other physiology courses. There are numerous additional learning activities that have been described in the literature (5, 8, 14, 35, 39) as well as approaches such as inquiry-based lessons, peer teaching, case studies, active discussion, and utilization of interdisciplinary exercises (22, 30, 31) . Future students enrolled in physiology courses may find it useful to construct mental models through the utilization of concept maps (6) and practice problem solving by conducting original inquiry-based research in the laboratory. Although group work is already common in all classes taught, refinement will be necessary to ensure that all members contribute to a well-defined objective (11) . Students may benefit from activities providing the opportunity to transfer and apply concepts from chemistry and physics (27) . Discovering that students surveyed in all courses report relatively low levels of writing development, plans are to provide more opportunities for students to organize and present their thoughts in writing and receive feedback on these assignments (33) . Peer tutoring (question 4) was also low for all classes and is worth investigation as a promising method in helping students learn physiology (21) . All physiology courses tended to score low in the CL subcategory. Our data provide the opportunity to discuss the importance of CL and determine if this area should be targeted for improvement.
One can conclude that the Advanced Phys course was successful in meeting its objective to engage students in their learning. The end-of-course evaluations supported this conclusion with the following anonymous student comments:
"This class not only taught biology, but also improved my self-confidence. I believe I can think more critically and apply my knowledge to the world around me."
"After taking this course I feel like a more confident speaker, thinker, and I am much better at discussing and conveying my thoughts." "This class allowed me to gain confidence in my ability to answer my own questions. I have learned to think more critically." "This course should be strongly recommended, if not required, for science majors looking to take their education to the next level."
The Advanced Phys course is an example of how a wellplanned course may result in achieving high levels of SENG. However, one must ask the following questions: Did students in the Advanced Phys course learn more? Did students retain information longer? Did students develop skills they did not possess before participating in the course? Clearly, the methodologies used in the Advanced Phys course influenced student's perceived learning and skill development, but this study lacks a measure of content mastery or skill development.
Others who have studied SENG and content mastery together have reported mixed results. A recently published report (24) involving students in a pharmacy curriculum demonstrated that an active learning approach using a flipped classroom and variety of active learning strategies resulted in increased measures of SENG but did not enhance academic performance based on final exam scores. Similar to comments made by students in the Advanced Phys course, pharmacy student comments related increased levels of confidence and higher-order skills such as critical thinking. The authors did draw an important conclusion as they stated that examination performance, in and of itself, does not capture the full educational experience of students and that engaged students develop skills that cannot be assessed by traditional written exams. In a more comprehensive study, the Wabash National Study of Liberal Arts Education, a large-case multi-institutional study, found evidence of positive connections between student selfreports of engagement and their learning. A pretest/posttest design on six broad outcomes, including critical thinking, problem solving, inclination to inquire and orientation toward lifelong learning, intercultural effectiveness, leadership, moral reasoning, and personal well-being, were all related to measures of engagement from the NSSE and an original Wabash Study Student Experiences Survey (4) . Although this study directly linked SENG with improved learning outcomes, the methods used were not practical for everyday use in the classroom as students were required to complete over 4 h of assessment outside the classroom. These studies bring to light a couple of important points. First, the challenge that lies ahead is to look at new and creative ways to more easily assess the relationship between student self-reported levels of engagement and student mastery of course content. As was the case in the A&P 1, Animal Phys, and even Med Phys courses, what was perceived as active learning was apparently not of sufficient quantity or quality to establish acceptable levels of SENG. Just because faculty members incorporate active learning and perceive their course as engaging, it may not be perceived by students in the same way or at the same level. Therefore, assessing SENG, along with assessment of learning outcomes, is necessary. Second, faculty support and development are critical to achieving success when implementing active, student-centered learning. Faculty members are often reluctant to incorporate active learning in their classrooms for a variety of reasons, including a lack of perceived benefit, lack of experience or training, and lack of class time available and time needed to develop activities (26) . A report (36) in the literature has indicated that the likelihood of success of course modification in achieving desired outcomes is dependent on faculty training. As described by Michael (25) , "Implementing these newer approaches to teaching requires the teacher to become a learner, because if these approaches aren't implemented in a well thought out way, their outcomes will certainly not meet expectations." Faculty members need to be more than just aware of new approaches; they need to be open to assessing and evaluating the effectiveness of new approaches using instruments such as the survey discussed. It is imperative that faculty members be able to determine the effectiveness, or lack thereof, of course modifications.
Realizing that no two classrooms will engage students in the same way and that no single classroom can be expected to engage students in all ways, efforts to improve SENG and learning must be collaborative across institutions, colleges, and departments. Although many institutions use the NSSE to assess SENG, it is time for faculty members (especially in the sciences, where SENG scores tend to be lower) to assist our institutions in moving from data gathering to data application as a way to strengthen the institution's teaching/learning environments. As major stakeholders in educating students, faculty members should become familiar with the assessment instruments available to evaluate SENG within classrooms. As educators, we have become adept at assessing learning outcomes but often fail to assess the development of student skills such as those relating to collaboration, cooperation, and communication. Assessment of SENG will allow faculty members to target specific areas, in specific courses, in need of improvement when responding to the call for more active learning in the classroom.
Limitations. Sample size is a major limitation in the present study. A larger sample of physiology courses, both within the institution and from other institutions, would be beneficial in determining discipline specific differences in engagement. The results reported, although useful for comparison purposes, may not reflect the engagement of students at other colleges and universities. One must also consider that all surveys were administered near the end of the semester. Although this is perhaps the most ideal time for students to reflect on the course, it is also a time when many low-performing and perhaps disengaged students have previously withdrawn or are in the process of withdrawing from the course. The present study did not take into consideration class size, enrollment status (full or part time), or ethnicity of students that completed the survey. Each of these factors has previously been related to levels of SENG (1, 13) . It would be of future interest to determine if these factors do influence SENG in physiology, especially when engagement activities are purposely added to a course. Although the usefulness of self-reported surveys has been discussed in the literature, both the survey developed by Ahlfeldt et al. and the NSSE have undergone extensive validation study (1, 29) .
SENG was assessed only in courses taught by the author. As a result, an individual student's level of engagement could not be tracked throughout their program of study. It is possible that students will engage more in courses they personally enjoy or find most relevant to their desired profession. It would be of interest to perform longitudinal studies tracking SENG.
As of 2013, the NSSE was modified. Although adjustments were made and all questions that remained the same or very similar were compared, any further changes in the NSSE necessitate reconsideration of SENG survey selection. Although the Indiana University Center for Postsecondary Research offers both the Faculty Survey of Student Engagement and the Classroom Survey of Student Engagement, both these instruments require a much greater time commitment, enrollment by the institution, and dependence on others to tabulate and report the data. On a more positive note, the NSSE will soon begin to offer institutions the opportunity to request data reports that are disaggregated by major field category. Although NSSE reports will group the biological sciences with agriculture and natural resources, this information will be useful for comparison purposes.
Summary. There are many avenues institutions may travel in an attempt to enhance SENG. An important opportunity is to support and train faculty members to assess and improve SENG within the context of the courses they teach. Our assessment of SENG in a variety of physiology-based courses indicates that faculty perception of engagement is not the best measure of SENG, and our data provide evidence that indeed reform is needed.
As demonstrated by our results, courses vary in the specific ways that they engage students. Although relatively low scores for individual questions were discovered for each course, it is not realistic for all courses to highly engage students in all ways. The next step is to strategically target areas in need of improvement in each physiology course surveyed. Perhaps even more importantly, these data serve as a basis for future discussions involving faculty members throughout the department and college. Plans are to work collaboratively with other faculty members to address SENG and share responsibility for addressing specific areas of engagement. For example, it may be useful to target low scores for CL in all 100-level courses while focusing more on writing in 300-level courses. In the end, hopes are that collaboration will provide ample opportunities for students to become proficient in discipline-specific knowledge and skills viewed as necessary for furthering their education or entering the workplace.
Hopefully, the present study will prompt others to think about their own, and their students', perceptions of engage-ment. Faculty members are encouraged to learn more about campus efforts to assess SENG (such as the NSSE) and consider how these data may be of use to them as they plan new courses or modify existing courses to positively impact student learning. As stated by Lee Shulman (4), it is a pedagogical imperative that we should begin to make these assessments now and not wait to be held accountable:
My point is that excellent teaching, like excellent medical care, is not simply a matter of knowing the latest techniques and technologies. Excellence also entails an ethical and oral commitment-what I might call the "pedagogical imperative." Teachers with this kind of integrity ь ь ь inquire into the consequences of their work with students. This is an obligation that devolves on individual faculty members, on programs, on institutions, and even on disciplinary communities. A professional actively takes responsibility she does not wait to be held accountable.
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